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ADJUSTABLE COMPRESSION SCREW DEVICE A ND COMPONENTS 

Backgroun d of the Invention 

The present invention relates to compression screw 
devices, especially of the type used for processing fiber, 
chip, and similar cellulosic stock material. 

Among the various compression screw devices used in 
processing cellulosic and similar material, a variety of 
primary and sometimes secondary functions are 
accomplished. Such functions include dewatering, 
consolidation for feeding into a downstream piece of 
equipment, and/or refining under high pressure steam or 
infusion of chemicals. The properties of the stock 
material, such as water content, density, effective 
friction, resilience, and the like, must be taken into 
account in designing the important variables f qr^ the 
compression screw device, such as required thrust)^ 
compression ratio, drainage hole size, and the like. 

Currently, such screw devices are in essence, custom 
designed and fabricated for each application from one of 
several distinct base models. Typically, the devices are 
sized for the most severe application that can be 
encountered for a given base model and thus carry an ^ 
unnecessary cost premium when purchased for use in a less 
severe application. Moreover, each base model is 
conventionally optimized with the limited objective of 
accomplishing the particular end use application. 

Once a particular compression screw device has been 
designed and fabricated, adjustment prior to delivery to 
the customer may be possible, but is usually limited in 
scope and very labor intensive. After delivery to the 
customer, significant adjustments are virtually impossible 
without disassembly of the device, including the screw. 
The ability to adjust the compression in the field, without 
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changing or removing the screw, would represent a 
significant advance in the state of the art. Moreover, the 
ability to adjust the compression on-line, without 
disassembly or removal of any portion of the screw device, 
would represent a major advance. 

Summary of the Invention 

It is, accordingly, an object of the invention to 
reduce the cost, complexity, and fabrication time, required 
for the design and manufacture of a compression screw 
device once the end use application is known. 

It is a more particular object: to provide functional 
modules that can be assembled and adjusted for use in 
fabricating a variety of compression screw devices for both 
dewatering and sealing applications, including screw 
presses, plug screw feeders, and refiners. 

It is yet another object of the invention to provide 
housing modules, such as compression housings, drain 
housings and discharge housings, in which the compression 
can be adjusted without disassembling the entire device and 
removing the screw. 

These objects are accomplished in accordance with one 
aspect of the invention, by providing a compression housing 
having a segmented outer portion adapted to support 
replaceable liners of varying thicJcness. The effective 
flow cross section through such compression housing, is 
thereby defined by and dependent on the variation, of only 
the liners, or by a combination of the liners and the 
unlined segments. Moreover, such compression housing can 
include drain holes, provided either in the liners, or in 
the outer segments. In the preferred embodiment of thii 
aspect of the invention, anti-rotation bars can be 
supported to project into the screw bore an adjustable 
distance, without removal of the ecrew. in one variatic. 
both the anti-rotation bars and the effective flow cross 
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section, i.e., compression, can be adjusted independently 
of each other. 

The objects can also be achieved in accordance with 
another embodiment of the invention, in screw device 
configurations that may or may not have an adjustable 
compression housing of the type summarized immediately 
above. For example, in a screw device configuration having 
a drainage housing in which the material undergoes high 
compression while draining, the combination of a novel ' 
drainage housing and an adjustable discharge housing 
immediately downstream of the drainage housing permits 
adjustment of the compression in the drainage housing. 
Moreover, in accordance with the preferred embodiment of 
this aspect of the invention, the compression can be 
adjusted on-line, without disassembly or removal of any 
portion of the screw device. 

The novel drainage housing has a plurality of 
coaxially stacked rings with spacers therebetween and bolts 
or the like traversing the rings to draw them tightly 
together. The stacked rings thus have sufficient space to 
define radial channels by which pressate is drained from 
the screw bore defined by the internal inner diameter of 
the rings. Preferably, the inner profile of each ring has 
slots formed therein for supporting one or more axially 
extending anti-rotation bars. Notches are provided on the 
outer diameters of the rings for engaging frame supports to 
prevent rotation of the stacked assembly. T he spacer 
thickness can easily be adjusted in the shop to retain the 
desired drain characteristics. 

In another aspect of the present invention, the novel 
drainage housing, and each of a variety of novel discharge 
housings, can be used independently of each other, with or 
without the novel compression housing aspect of the present 
invention. The discharge housing in accordance with the 
present invention, includes a substantially tubular casing 
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and a cup-like bearing member supported coaxially within 
the casing, by plates connected between the casing and the 
bearing member. These plates not only support the bearing 
member, but also break up the condensed material as it 
advances from the downstream end of the screw toward the 
discharge opening of the device. The provision of the 
bearing member permits the use of a screw having a stem at 
its downstream extremity, for rotational support within the 
bearing member, thereby improving performance relative to 
unsupported screws. 

Whether or not the screw is supported in a bearing, 
the discharge housing in accordance with the invention has 
breaker plates extending radially inwardly from the casing 
inner diameter at least half the radial distance to the 
axis. Although the compression of the device can be 
adjusted by substituting a different discharge housing 
having a greater or lesser number of such breaker plates, 
or plates of thicker dimension, the preferred adjustment of 
compression is accomplished by providing a plurality of 
pegs or bolts that penetrate through the casing to project 
a variable distance into the discharge housing bore. These 
pegs not only adjust compression, but provide an additional 
shearing effect on the material, which can be beneficial, 
particularly for chemical impregnation applications. 

Thus, the compression characteristics of virtually any 
type of compression screw device can be adjusted on line, 
by the use of a discharge end housing having the radially 
adjustable pegs. The pegs can be manually or automatically 
adjusted by a process control system on line. The 
advantages of using the adjustable pegs for compression 
adjustment include reduction of inventory of screw parts 
and screw housings, since a given screw and housing 
combination can be adjusted to meet a variety of 
compression requirements. Moreover, the compression can be 
varied without disassembling the screw press. This 
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eliminates expensive downtime. The resistance pegs 
contribute to the shearing and abrading action on chips, 
which opens up the chips for optimal chemical 
impregnation. The opening of the chips in the discharge 
housing occurs immediately before the chip plug discharges 
from the device and expands into the liquor bath, 
optimizing chemical pickup. 

The inventors believe that no one in this field of 
technology, previously considered using interchangeable 
modules, at least one of which is adjustable, for 
fabricating at least three distinct types of 'compression 
screw devices, e.g., screw presses, plug screw feeders, and 
press refiners, which are capable of performing simple 
dewatering to more complicated sealing and refining 
functions, for a range materials including fibers and 
chips . 

The present invention minimizes the total number of 
different parts and reduces engineering time for design and 
upkeep of drawings. This also reduces manufacturing cost 
and inventory costs. The number of spare parts required 
to be kept by the supplier and the end user is 
significantly reduced. Furthermore, the modular feature of 
the invention allows tailoring the machine to the specific 
application for improved performance. such tailoring 
avoids the use of larger or heavier components than are 
required for the needs of the end user, therefore making 
the machines more cost effective. The modularity also 
allows easy modification of machines operating in the field 
if the operating conditions change, e.g., if the machine is 
used for an altered feed stock. At least one of the 
modular components is inherently adjustable during 
fabrication or in the field, to optimize one or both of the 
compression ratio and drain hole pattern. 
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Brief Description of the Drawing s: 

These and other objects and advantages of the 
invention will be described below in the context of the 
preferred embodiment with reference to the accompanying 
drawings , in which r 

Fig- 1 is a longitudinal view of a modular compression 
screw device including the invention, partially cut away to 
reveal the screw; 

Fig. 2 is an external perspective view looking from 
the discharge toward the inlet end of a modular screw 
device of the type shown in Figure 1; 

Fig. 3 is a cross section view of a compression module 
housing but without drain holes, as would be seen if taken 
through lines 3-3 of Fig. 2; 

Fig. 4 is a perspective view of another compression 
module housing which has drain holes; 

Fig. 5 is an elevation view of a third compression 
housing module, which has drain holes; 

Fig. 6 is a cross section view taken along line 6-6 of 
Fig. 5; 

Fig. 7 is an exploded perspective view of the drainage 
module housing of the device shown in Figure 2; 

Figs. 8 and 9 are front and side views, respectively, 
of one of the plurality of rings in the drainage module 
housing of Figure 7; 

Figs. 10 and 11 are front and longitudinal section 
views, respectively, of one embodiment of the plug breaker 
discharge module; 

Figs. 12 and 13 are sectional end and side views, 
respectively, of a second plug breaker module, which 
includes a variable shear penetration into the plug; 

Figs. 14 and 15 are end and side views, respectively, 
of a third embodiment of the plug breaker module, which 
includes axially staggered, variable length pegs for 
penetration into the plug; 
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Fig. 16 is a longitudinal view of a screw device 
configured in accordance with the invention and adapted 
for reeding chip plugs into a chemical impregnation bath; 

Figure 17 is an end view of an alternative drainage 
module housing, as viewed axially intermediate the ends; 
and 

Figure 18 is a view similar to Figure 13, showing the 
preferred form of the resistance peg and associated 
adjustment mechanism for the discharge housing. 

Description of the Prefe rred Embod -i m ?n i- 

Modularity Overview 
Figure l shows a longitudinal view of a modular 
compression screw device 10 in accordance with the 
invention, wherein each of the five main modules is 
indicated as A, 8, C, D, and E. The functions of these 
modules are well known in the relevant field of technology, 
but the modular implementation of those functions using 
adjustable modules whereby the overall characteristics and 
performance of the device can be matched to a wide variety 
of end use applications, is considered novel. 

Module A is a drive module including a drive housing 
12, a drive bearing assembly 14 within the drive housing, 
and a drive flange 16 at one end of the drive housing. The 
details of the internal configuration of the drive module 
are not important to the invention, except that at least 
two, and preferably at least three, different thrust 
capacities, i.e.. low, medium, and high, are available from 
three distinct, interchangeable drive modules, each of 
which has a substantially identical drive flange 16. The 
drive module A has a drive shaft IS with a free end 20 
adapted to be connected to a drive motor or the like (not 
shown) , and an opposite end which has a shaft flange 22 or 
the like securable in fixed relation with a mating flange 
24 or the like on the screw module D. 
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The screw module D includes a first portion 2 6 
including screw flange 24 , connected for rotation to the 
drive module, and in particular, to the shaft flange 22. 
The operative portion of the screw includes a shaft 28 , 
which preferably has a straight portion 30, an outwardly 
tapered portion 32 , and another straight portion 34. Screw 
flights 36 project from the portions 30,32,34 of the screw, 
in a manner well known in this field of technology. The 
screw discharge end 35, which has no flights, is supported 
by a bearing or similar mechanical structure 58, to 
maintain a central position along the nominal axis of the 
screw device 10. 

The feed or stock material enters the screw device 10 
through an inlet module B which includes an inlet housing 
38, a first inlet flange 40 detachably mated with the drive 
flange 16, an inlet opening 42 for receiving the stock 
material into the device, and a second inlet flange 44. 
One or more processing components C1,C2 define a processor 
module C having a processor housing 46, and a first 
processor flange 48 mated with the inlet second flange 44, 
and a processor second flange 50- The discharge module E, 
includes a discharge housing 52, a discharge flange 54 
mated with the processor second flange 50, and means 
defining an opening 56 for discharging consolidated 
material from the device. A biased pressure valve (not 
shown) may optionally be attached to the end module E. The 
modules B , C and E define a bore for receiving the screw 
module D and cooperating therewith to process the feed 
material . 

Viewed in relation to the remainder of the device io, 
the screw module D functions as a unitary piece with the 
screw flange 24 at the upstream end, a second portion 3 0 
disposed in the inlet module B in fluid communication with 
the inlet opening 4 2 for receiving and advancing the stock 
material toward the processing module C, a third and fourth 
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portion 32,34 disposed in the processing module c for 
consolidating the stock material by compressing the 
material against the bore of the processor housing 46, and 
a fifth portion 35 at least partially disposed in the 
discharge module E. 

As used herein, the term "consolidation" should be 
understood in the most general sense, to mean the bringing 
together of f lovable solids into a more intimate contact 
with each other, whereby the volume of the material is 
reduced and the bulk density of the material is increased. 
In this context, consolidation includes the removal of 
water or liquid in which the solids are suspended in a 
slurry; the compaction of dry solids such as fibers and 
chips, into a plug; or the pressurization of solid material 
to physically break down cellular structure or the like, 
thereby increasing the solid's density. Thus, 
consolidation can occur as part of a variety of end use 
applications including dewatering, with or without feeding, 
compaction, refining, etc. 

The screw device 10 of Figure l is adapted to receive 
wood chips or similar cellulosic material through the inlet 
module B, convey the chips toward the right, into the 
processing module c, where the chips are consolidated as 
they are conveyed farther to the right by the screw flights 
36, and compressed in the space 60 between the increasing 
taper on the screw shaft 28, and the constant diameter bore 
62 of the compression housing 46 (component ci) of 
processing module C- Further consolidation occurs in the 
module drain housing 47 (component C2) of the processing 
module C. In the illustrated embodiment, the bores of 
housings 38,4 6,47 and 52 of the inlet, processing and 
discharge modules, define a substantially constant screw 
wall or bore diameter, although breaker bars or the like 4 9 
may optionally project into the bore. The way in which the 
stock material is consolidated, strongly depends on the 
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shape and power of the screw module D r the wall 
characteristics of the processing and end modules C,E, and 
the nature of the restriction at discharge modules E for 
partially blocking flow in the seal annulus 64 between the 
screw end portion 34 and the bore 62- 

It is desirable that one or more of the modules be 
adjustable so that the device can be optimized for the 
particular end use application. Adjustability in one sense 
means the capability to initially fabricate a module 
component according to standard specifications, and adjust 
the internals of the component during fabrication of the 
compression screw device. The second aspect of 
adjustability is the capability to make such alterations in 
the field, either during field testing or during normal use 
when compensation for the effects of wear or a change in 
feed material should be made. The preferred implementation 
of the present invention is directed to a screw device 
having adjustable processing modules c and end module E - 
The adjustability is primarily with respect to the 
effective flow cross section of the longitudinal flow bore 
including the processing bore 62, seal area 64 and 
discharge opening 56 , and can be achieved without removing 
the screw module D from its normally supported orientation 
on the device axis, i.e., coaxial with the processing bore 
62. The adjustable compression housing component ci, 
drainage housing component C2 f and the discharge module E 
will each be described in detail immediately below, with 
Pig. 2 as a frame of reference . 

Preferred Compression Housing Component 
The embodiments of compression component CI will be 
identified with the number series 100 as shown in Figures 
2-6, and may be used either in a modular device as 
described herein and shown in Figure 2, or as an integral 
part of other plug screw feeders and the like to overcome 
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the following problems. For proper performance, the 
material must be compressed enough to form a steam seal or 
pressure type plug, but the plug must be loose enough to 
allow continuous conveying to occur. In most instances the 
screw device operates in a narrow band. If the compression 
of the material is too high the plug screw will draw 
excessively high motor loads and possibly stall. if the 
compression of the material is too low a gas type seal 
cannot be maintained, often, slight variations in the bulk 
material properties will move the operation of the plug 
Gcrew feeder outside its narrow band, resulting in blowback 
or stalled conditions. Since these devices are uaed in 
continuous process systems, any interruption in their 
continuous operation can disrupt the functioning of an 
entire plant. 

When a problem develops with a plug screw feeder, the 
unit is usually immediately disassembled and parts are 
modified either by machining or by building up various 
regions of the housings or screw in an attempt to alter the 
compression ratio. since this is a trial and error 
procedure it can become a very time consuming and costly 
undertaking to fine tune a unit for a particular feedstock, 
particularly when this must be done in the field. 

The purpose of the new compression housing, is to 
provide a means to alter the compression ratio of an 
installed plug screw feeder without having to completely 
disassemble the unit or machine any of the components. As 
shown in Figure 3, the invention includes a set of casings 
102 which surround the compression screw portion 32, and 
removable liners 104 which can be changed to either reduce 
or increase the total compression ratio of the unit. The 
casings 102 can either be segments of a cylinder, to be 
used in conjunction with uniform screw flights which would 
have an increasing shaft diameter; or the casings can be 
segments of a cone, to be used in conjunction with tapered 
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screw flights. The casings 102 form the component housing 
to contain the internal pressure developed by the 
compression of the conveyed material. The liners 104 are 
provided in thicknesses varying by approximately 1/8 inch 
increments. The varying thickness of the liners 104 allow 
the effective cross-sectional area of the screw bore to be 
changed, which results in a change in the overall 
compression ratio of unit. The liners 104 also function to 
resist wear* 

Having a plug screw feeder installed in the field with 
removable housing liners greatly simplifies fine tuning the 
compression ratio in the field. For example, assume a plug 
screw feeder unit was installed to convey wood chips into a 
high pressure refining system. At the installation assume 
the chip moisture content was lower than expected, 
resulting in high plug screw feeder motor loads and 
intermittent stall conditions. Correcting this situation 
would require reducing the the compression ratio of the 
unit. With removable liners this is accomplished in the 
following manner. The split casings 102 are taken apart 
along flanges 106, the installed liners 104 are removed and 
a spare set of thinner liners are put in place. For 
example, reducing the bore of the liners by 1/4 inch on the 
radius would result in reducing. the compression ratio by 
approximately 19% . This would take the plug screw feeder 
out of the high load, stalled condition and allow it to run 
continuously at reasonable motor load levels* No machining 
of parts would be required and the screw would not have to 
be removed from the unit. Therefore none of the drive 
components or the connected pressure vessel parts would 
have to be disturbed. The casings may be directly or 
indirectly connected to end flanges 108, which, if present, 
may or may not require removal and reattachment to the 
remainder of the screw device. The replacement in 
accordance with the invention can be accomplished within 
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about: an hour as compared to a minimum of 24-3 6 hours 
required to change the compression ratio conventionally by 
machining either the screw or the bore of the housings. 

For any compression type screw device to convey 
material, the material must be prevented from rotating with 
the screw 32. Thus the frictional resistance radially in 
the surrounding compression wall must be greater than the 
frictional resistance of the screw flights and shaft. 
Conventional plug screw feeders normally have a series of 
grooves either cast or machined into the housings for this 
purpose. The present invention does not utilize a series 
of grooves or bars in the housing, but rather anti-rotation 
bars 110 are sandwiched between the adjacent casings 102. 
The anti-rotation bars 110 protrude radially beyond the 
inner surface 112 of the liners 104 by a minimum of 1/4 
inch. The radially inward projection height of the bar 110 
increases as the thickness of the liners decreases. The 
distance from the inner edge 114 of the bar 110 to the 
outer diameter edge 116 of the screw flight would be held 
constant. 

Thus, in the broadest aspect of this feature, a screw 
press housing 100, whether in the modular configuration or 
in a more conventional configuration, defines a 
substantially cylindrical or axially tapered first bore 118 
for coaxially receiving a screw 32. The housing 100 is 
formed by connecting together a plurality of axially 
elongated casing members 102, each casing member in cross 
section having an inner, concave surface 120 which defines 
an arc segment having a first circumferential span and a 
first radius of curvature, and an outer surface 122 
defining the exterior of the housing 100. Fixture means, 
such as shoulders or flanges 106, extend radially from the 
ends of each segment, for attaching together adjacent 
casing members, whereby the inner surfaces 120 of the 
connected casing members form a first substantially 



WO 92/13710 



PCT/US92/00939 



- 14 - 

cylindrical or- conical bore 118. A plurality of bar 
members lio, are situated respectively between the flanges 
106 of two attached casing members 102. The bars have an 
inner edge 114 that extends radially inward into the first 
bore 118 , toward the housing axis 124. An axially 
elongated liner member 104 is coaxially retained within the 
first bore 118 and, when viewed in cross section, has 
substantially the same circumferential span as its 
associated casing member 102. The liner may optionally be 
split and overlapped as at 126 to assure a good fit. The 
outer wall 128 of a given liner is supported radially by 
the associated casing member. The inner wall 112 of each 
liner member has a second radius of curvature smaller than 
the first radius but is large enough to ensure an annular 
gap 132 relative to the screw flights 36 that operate in 
substantially the same plane as the given cross section. 
The circumferential ends 134,13 6 of each liner are 
juxtaposed with the respective bar member 110. Preferably, 
the inner edge of each bar member 114 extends radially 
closer toward the housing axis 124 than do the liner inner 
walls 112, e.g., the distance between the edges 114 of 
diagonally opposed bars is only slightly larger than the 
screw flight diameter. 

As shown in Figure 3, adjustment bolts 138 threadedly 
pass through the casing members 102 and can either engage 
mating threads in the liner 104 or merely provide stops 
surfaces, so as to adjust the radial limit position of the 
liner relative to the casing member. The replaceable 
liners 104 can extend the entire length of the housings or 
optionally can be positioned only in the high compression 
2one, near the end of the screw. 

As shown in the embodiments of Figures 4 and 5, the 
screw bore of the housing can be defined partly by the 
liner inner walls and partly by the inner surfaces of the 
casing members. Moreover, the casing members need not have 
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the same material thickness or radii of curvature. When 
taking into account the ability to utilize liners of 
various thickness, the inner surface of the casing member 
may have a radius of curvature that is the same as, greater 
than, or less than the radius of curvature of the inner 
wall of the liner member. 

In the embodiment 14 0 of Figure 4, the liners 
situated in two of four casing members may optionally be in 
the form of screen plates 142 which have drain holes 144 
formed therein. The bar members 146 may be formed with 
radially extending drainage slots 148 by which extracted 
liquid can flow to the housing exterior and into an 
affluent drain basin or the like when the screw rotates in 
the direction of the arrow. In this embodiment, a spacer 
or auxiliary liner 150 may be provided between screen plate 
142 and the inner surface of casing 152 to facilitate 
drainage. 

Ab shown in Figure 4, the casing members 152' which 
surround the screen plates 142 may optionally be formed so 
as to define a series of axially spaced apart ribs 156 with 
relatively large openings 154 therebetween. In this 
variation, the supporting ribs 156 support the inner screen 
plate 142 directly, or as shown, indirectly through the 
intervening auxiliary liner 150 which also has drain holes 
therein. The ribs 156 do not have drain holes, however, 
the large spacings 154 between each rib provide ample room 
for drainage to take place. 

The embodiment 16 o shown in Figures 5 and 6 is another 
alternative. Two offset sections 162, which cradle the 
adjustable liners 164, alternate with the other two casing 
sections 166 that have the same inside radius as the radius 
to inner edge 168 of the anti-rotation bars 170. The 
recessed sections 162 with liners 164 do not have drainage 
holes whereas the non-recessed sections 160 do have 
drainage holes 172. Providing drainage holes 172 close to 
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the screw outer diameter prevents a build-up of material 
over the holes, which would impede liquid flow. The screw 
flights keep the holes 172 wiped clean, while the liners 
164 in the recessed sections still enable the compression 
ratio of the unit to be changed. 

It may thus be appreciated that, depending on the 
application, some compression screws do not require drain 
holes, whereas others do. For example, a plug screw feeder 
of the type shown in Figure 3 does not have drain holes and 
is used for- feeding dry material into a pressurized zone. 
In other instances, where wet chips are being conveyed, it 
is necessary to provide drain holes in order for the unit 
to function properly. Moreover, it is clear that when a 
compression screw is being used specifically as a drainage 
press, drainage holes or openings must be present. It is 
within the skill of an ordinary practitioner in this art to 
combine the various features shown in Figures 3-6 for the 
particular end use application. These options include (a) 
solid casing sections and solid liners, (b) solid casing 
sections and one or more screen liners and/or auxiliary 
spacer liners supported by the casing sections, (c) a 
combination of solid and perforated casing sections with 
solid or screen liners, or (d) solid and ribbed casing 
sections with perforated liners. All of these options are 
adapted to use anti-rotation bar members with drainage 

The following advantages are obtained with this aspect 
of the invention. The anti-rotation bars at the casing 
junctures eliminate the need to have grooves or bars in the 
housing surfaces, and therefore the wear liners can be one 
piece, rolled plates. Once assembled, the anti -rotation 
bars secure the wear liners in the housing and prevent them 
from sliding or rotating with the material in the 
tangential direction . This arrangement provides the 
maximum width of an anti-rotation groove. The shear area 
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or the wood imbedded in the groove is at a maximum, and 
therefore the required frictional rccistance of the ucrew 
flights and Barcw ahaft mirfacu must be* much higher before 
plug rotation occure, as compared to thu conventional uao 
of nmaller width grooves. 

Tho screw bore can b« jncrcm&od by decreasing the 
thioknuun or the wear 1 inure, however the clearance between 
tho anti -rotation bare and Lho out&idta dlaincster ucrew 
flights can be maintained. In conventional units if the 
bore of the housing is increased, then the clearance 
between the o.D. of the screw flight and the I-D. of the 
housing or anti-rotation bar imbedded in the housing would 
increase, resulting in less effective resistance to plug 
rotation. 

Preferred Drainage Housing Component 
The second component which is preferably adjustable in 
the processing module C is the drainage component C2 as 
indicated at 200 in Figure 2. Conventionally, screw 
presses which are used to drain fibrous materials generally 
use split housings with drainage holes or axial slots to 
drain water away from the material as it is compressed 
within the housings. High compression units generate 
enough internal pressure that it is often necessary to 
support the perforated housing or the slotted housing 
sections with support ribs. A popular construction of high 
pressure units consists of bars placed axially along the 
length cf the screw, assembled with a slight clearance 
between each bar. This configuration results in drainage 
slots along the length of the screw. The bars are held in 
place and supported by a heavily ribbed set of cages which 
when bolted together completely surround the compression 
screw. The housing must be a split design for assembly 
reasons, but this weakens the housings since the split 
results in the ribs being loaded as curved beams with 
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restrained ends at the bolted joints. The ribs must have a 
heavy thickness and deep cross-section, so the cost of the 
drain bars and supporting ribbed housings is high. Such 
housings require extensive machining and each individual 
bar must be ground to fit properly in the assembly. 

The details of new drainage housing 200 in accordance 
with the invention are shown in Figures 7-9- The housing 
is made from a plurality of rings 202 generally 3/8 inch to 
1/2 inch thick which are assembled in a stack. The gap 204 
between the individual rings is set by shims 206 placed 
over the assembly bolts 208 which extend through the entire 
stack of rings and clamp the assembly together by drawing 
the rings toward each other. The gap between the 
individual rings generally ranges from .010 inch to -040 
inch. 

The inside diameter 210 of the rings is slightly 
larger than the outside diameter of screw flights passing 
therethrough- Two diametrically opposed grooves 214 are 
machined in each ring, resulting in slots 215 extending the 
length of the stacked assembly. Positioned in each slot is 
an anti-rotation bar 216, the longitudinal ends 218 of 
which are secured with bolts 220 which pass through radial 
holes in the end support plates 222 (only one shown) . The 
purpose of the thick end support plates 222 is solely to 
provide bolting for the anti-rotation bars 216. The 
anti-rotation bars 216 when positioned in the slots 215 
protrude radially inward from the inside diameter of the 
rings, by approximately 1/4 inch to 3/8 inch, along the 
axial length of the inner surface 210* 

The rings 202 preferably do not have a constant 
thickness along their full radial distance. Approximately 
1/4 inch away from the inside diameter 210 of the rings, 
the front surface 224 of each individual ring is recessed 
back approximately 1/16 inch. The recessed area 226 of 
each ring is intended to prevent fines which may pass 
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through the grooves 214, from building up in the rings and 
impeding drainage* 

On the ring perimeter, a set of opposed notches 228 
are positioned 90 degrees out of alignment with the inside 
grooves 214. In the final assembly of the unit, the 
outside notches 228 fit over side bars 230 which act as a 
brace for the ring assembly and provide torque resistance 
to the unit. The side bars 230 are part of a frame that is 
rigidly connected to the supporting base 232 of the 
machine. 

Thus, this aspect of the invention is directed to a 
compression screw device having a drain housing 200 
including a screw bore 234 for coaxially receiving a 
rotating screw and a frame or base 232 for supporting the 
housing. The housing comprises a plurality of 
substantially annular rings 202 rigidly stacked together 
along the housing axis 236, each ring having an inner 
profile 210 defining a substantially circular opening in 
alignment with the openings with the other stacked rings to 
form the screw bore 234. The outer profile 238 of the 
annulus includes means 2 28 for engaging the frame, 
preferably in the form of two diametrically opposed notches 
which aro horizontally oriented relative Lo the assembled 
screw device- The frame of the ecrew device has an 
elongated, rigidly supported horizontal brace bar 230 
having a profile which dovetails with the notches on the 
stacked rings, thereby resisting torque loads imposed by 
the rotating screw within the screw bore. Spacer means 2 06 
are interposed between each ring 202, for defining a 
drainage channel or gap 204 which extends substantially 
360° radially from the screw bore to the outer profile 
where the expressed liquid is collected and drained away. 
The stacked rings are preferably drawn toward each other so 
as to be compressed against the respective shims, by a 
plurality of bolts 208, for example four, which pass 
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through a respective plurality of uniformly spaced holes 
242 in the solid annulus of each ring. 

An alternative embodiment of the drainage component, 
having individual features which may optionally be 
incorporated into the embodiment described immediately 
above, is shown as 250 in Figure 17. In this embodiment, 
shown in an end view as would appear during assembly of the 
housing, an outer shell 252 having upper and lower portions 
defines a collection volume where the drained fluids are 
accumulated and removed. The drainage rings 260 are 
confined between axially spaced apart end plates or flanges 
254 (only one of which is shown in Figure 17) , the outer 
diameter of which defines an annular gap 256 with the shell 
252. Unlike the embodiment described in Figure 7, in this 
embodiment the rings 260 do not have holes for receiving 
the tensioning bolts, but rather the tensioning bolts 258 
epan the opposed flanges 254 which, when drawn toward each 
other, tightly pack the individual rings 260. 

Each ring 260 has a substantially circular outer 
diameter 262 less than the diameter of flange 254 and a 
substantially circular inner diameter 264, except that the 
inner diameter has at least one, preferably two 
diametrically opposed, integrally formed anti-rotation 
projections 266. These projections 266 are preferably 
thicker in the axial direction, than the annular body 
portion 268 of ring 260. A plurality of integrally formed 
shim portions or regions 27 0 are also formed on and thicker 
than the annulus 26H, preferably the t;amc thickness as the 
protruelontf 266. Tn thu illuutrntteri embodiment;, two 
integral shims 270 are spaced apart in each quadrant. The 
rlncft* V!rt0 are allqniMl «n t hat trhv pr ut; r ml I nq ant. I -rnl.nl. I on 
projections 266 and the Integral shims 270 are in reyiaLry 

in fchft axial direction, with uoL'raapbndinc/ trLr-uuLutetf on 

dii rXncjts In thu tJtciok. LauCuiali.Ly f Uiu J.iiiiol iM amuLtst Jon 
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of the ring includes a substantially circular recessed 
drainage gap 272 as in the previously described embodiment. 

The raised or thickened regions defining the integral 
shims 270 substitute functionally for the individual 
spacers or shims 206 for establishing the width of the 
drainage channel such as 204 shown in Figure 7. The raised 
surfaces on integral shims 270 are ground to a thickness 
which when in contact with the adjacent ring in the stack, 
establishes the desired drainage channel radially along the 
body portions 268. This feature of the embodiment shown in 
Figure 17 would be used when the required drainage channel 
is known with substantial certainty for a particular 
process- An advantage of the integral shim embodiment for 
setting the size of the drainage channel , is that it 
eliminates a large number of separate shims and thereby 
simplifies the assembly of the press. 

The integral projections 266 shown in Figure 17, 
provide the functional equivalent to the anti-rotation bars 
216 in the embodiment of Figure 7. when the rings 260 of 
the embodiment of Figure 17 are assembled together in a 
stack, the protrusions 266 line up with one another in the 
axial direction to form what are essentially anti-rotation 
bars along the full axial length of the ring stack. This 
reduces cost by eliminating the thick plates at 222 at each 
axial end of the stack, the separate anti-rotation bars, 
and the required machining associated with that 
arrangement . 

The size of the drainage rings in the embodiment of 
Figure 17 can be reduced relative to that of Figure 7, by 
the feature of arranging the tensioning bolts 258 at the 
outer diameter 262 of the stack of rings. The rings are 
supported and positioned by the frame members 232,230 via 
notch 274 in the outer diameter 262 of each ring, as in the 
embodiment of Figure 7. Thus, the tensioning rings 258 
serve only the single function of drawing the rings toward 
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each other. In this manner, the outside diameter 262 of 
the rings can be reduced relative to the embodiment of 
Figure 7, because the annulus 268 does not carry the holes 
242. The thickness of annulus 268 need only be sufficient 
to support the applied loading which consists of the 
internal pressure, the torque, and the axial friction 
forces produced as the processed material is being conveyed 
through the unit. Eliminating the unnecessary depth of the 
annulus 268 reduces material costs, makes the pieces easier 
to manufacture, and keeps the weight of individual rings 
low enough so that one person can lift them* 

One advantage of using the stacked ring assembly for 
the drainage housing is that a solid ring can withstand 
much higher internal pressure than a split housing, simply 
because the ring is loaded in hoop stress tension, whereas 
a split housing is basically a curved beam with large 
bending moments at the split joint. In the embodiment of 
Figure 7, the individual rings 202 are assembled in the 
field by sliding them over the side support bars 230 and 
the clamping bolts 208 while the discharge end module is 
detached. In another advantage , the gap 2 04 between each 
individual ring can be adjusted slightly by changing the 
shims 206 placed over the clamping bolts without removing 
the rings from around the screw. Thus, the screw remains 
in the longitudinal bore during axial adjustment of the 
rings- Compensation for the accumulated length due to 
large changes in the individual gap requires removal of the 
discharge module and is accomplished by adding or deleting 
rings as necessary and assembling the compensation shims at 
the upstream end of the stack to compensate for any 
variances in overall length of the assembly. 

The stacked ring arrangement eliminates the use of 
supporting rib cages, which greatly reduces the overall 
cost of the unit. Assembly time is also reduced as 
compared to the use of the screen bars and cage 
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arrangement:. The assembly required for the conventional 
bar/ribbed cage assembly consists of positioning each drain 
bar in place, shimming between the top drain bars and the 
clamp bars bolted to the split face of the cage, and then 
placing the assembled units around the screw and bolting 
them in place, if the drain bars are not precisely and 
tightly held in place, a tight plug of material can lift up 
and dislodge the corner of one bar, and cause all the other 
drain bars to dislodge as they all become loose. By 
comparison, the solid rings of the present invention are 
self contained and cannot come apart except by complete 
fracture of a ring or failure of the clamp bolts. 

Discharge End Module 
The modular screw device of Figure 2 preferably 
includes, as the discharge module E, a plug breaker 
component 300 of the type shown in Figures 10-15. Any 
compression screw used for dewatering or forming a gas seal 
in a continuous feeding operation functions by mechanically 
squeezing or compressing the material being conveyed. This 
is done by reducing the cross-sectional area of the screw 
flight and/or reducing the screw pitch. When cohesive 
material such as wet wood chips or fiber are handled in a 
high compression screw, the material often discharges as a 
hard, dense plug which breaks off into variously sized 
lumps. The non-uniform lumps adversely affect processing 
downstream from the compression screw. 

When high compression screws are used (to maximize 
drainage or seal against a very high pressure differential) 
plug spinning becomes more of a problem because the 
squeezed out liquid travels to the outside diameter of the 
screw. This can result in a lower friction coefficient at 
the screw outside diameter than against the screw shaft. 
The particles against the screw shaft adhere to the shaft 
surface as they become dryer, and the outer particles 
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against; the housing bore begin to slide over one another 
more easily as they become lubricated with the liquid being 
expressed toward the housing walls. This condition often 
causes the plug to rotate with the screw, whereupon 
conveying will cease. 

When a compression screw discharges directly into a 
pressure vessel or impregnation vessel, it is difficult to 
arrange for the discharge end of the screw shaft to pass 
through the vessel into a bearing support. Therefore, most 
conventional compression screws which discharge directly 
into a vessel are simply not supported; the discharge end 
of the uorow lirtti no bear ing auppurl whu Utiottvtsr . The 
Compressed matariul atftiunti ially buaumau thu dlr.ohurqo Olid 
bearing support. On large diameter, long screw*,, problems 
can develop when the screw is forced of£-axiG as a result 
of uneven filling at the inlet and thus uneven support of 
the screw. This can result in galling of the flight outer 
edges against the housings and in some cases can result in 
a stalled condition. 

The overall object of the preferred end module 300 is 
to accomplish the three above-mentioned tasks. These are 
to break up the plug, provide maximum anti-rotation of the 
plug in the high compression zone, and provide a bearing 
support for the discharge end of the screw. In the 
preferred embodiment, the fourth task of adjusting the' 
cross sectional flow area permits adjustment of the 
compression in an upstream component. 

The basic plug breaker end module 300 shown in Figures 
10 and 11 comprises a tubular outer housing 3 02 which bolts 
directly to the downstream end of the screw housing or 
processing module such as 200. An internal cup-like 
bearing 304 is situated on the housing axis 306. The 
bearing 3 04 is supported by longitudinal plates 3 06 that 
have one end 3 OS welded to the inside diameter of the outer 
housing 302 and the other end 310 welded to the outside 
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diameter of the bearing member 304. The plates 306 are 
welded tangential ly to the bearing member 3 04 so that in 
use, the plates are loaded in tension or compression rather 
than in bending as would arise from a tendency for plug 
rotation to take place under high compression conditions. 
The axially extending plates 306 function as knife edges 
against the passing compressed plug, creating a nonuniform 
chip velocity. This nonuniform velocity develops shear 
forces within the plug, which break up the lumps as they 
discharge from the plates. The shear forces in the - 
particle-to-particle movement within the segments of the 
plug passing through the plates, also helps fiber the 
material. 

The bearing member 304, is lubricated by water which 
travels through a bore 312 drilled through one of the 
breaker plates 3 06 from the outside wall of the component 
housing 302 to the closed end 314 of the bearing. The 
water not only lubricates, but also flushes the bearing, 
keeping fines out of the area and prolonging the life of 
the bearing. 

The discharge end housing is thus in the form of a 
uubatantial ly tubular honuing 302 having a cylindrical 
wall 316 defining a bore with a longitudinal axis 306 and 
uputroutoi and downstream, profurably flanged anria 310,320. 
Tha upstream or forward portion 322 of the bore its adapted 
to receive tho substantially cylindrical end portion of tho 
tiurew, i.e., a cylinder having no screw flights. The 
downstream internal portion 3 24 of the bore has u plurality 
of breaker plates 3 06 rigidly depending from the bore wall 
316. The plates are oriented so that the substantially 
planar opposed sides 326,328 defining the longitudinal and 
height dimensions, extend substantially parallel with the 
axial flow direction of the material conveyed by the screw, 
whereas the cross sectional thickness dimension 3 30, which 
confronts the oncoming material, is relatively thin, i.e.. 
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the frontal area of the plate is less than the area of 
either side. Preferably, a bearing member 304 in the form 
of a cylindrical cup is centered coaxially within the 
housing r so that the open end thereof rotationally supports 
an axially extending stein portion of the screw. The 
breaker plates, preferably four in number, are rigidly 
connected substantially tangentially to the bearing member. 

Certain types of wood pulping processes require wood 
chips to be chemically impregnated. The chemicals which 
are impregnated into the chips helps to partially break 
down the chips into fibers and to bleach the wood 
material. Wood chips are impregnated in the following 
manner. The chips are compressed in a compression screw 
device. This squeezes out any undesired liquid imbedded 
into the chips. As the compressed chips discharge from the 
screw device, they expand almost back to the original 
volume. If this expansion takes place with the wood 
submersed in a chemical liquor, the liquor is drawn into 
the voids and crevices of the chips much the same way a 
squeezed sponge upon being allowed to expand will absorb 
water. In this manner, chemicals which contribute to the 
pulping process can be impregnated or drawn into the voids 
and crevices of the chips. 

If only the outside surface is exposed to the 
chemicals, then the innermost portion of the chips will 
have different characteristics than the outer portions, and 
poor pulp quality will result. A way to maximize the 
chemical uptake and optimize the process is to partially 
Dcparato and open up the chips so that more fiber surface 
is exposed to the chemicals and the chemicals penetrate, 
uniformly through the chips. 

Anuther consideration its that different wood apenjnn 
and impropriation ctar/ntj raciuira diffnrnnt amounts of 
compression and chip fracturing to optimize the proorinn. 
ThJia It In tori rally ha« \mm\ a<n loiiip] ( cthnri by ahaivjllK/ hh& 
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hardware such as screw flights and housings to produce 
dif rerun t amounts or comprii^sion. This can be a costly 
process particularly if a large, screw press has to bo 
refitted in the field on a trial and error basis until an 
optimum screw flight, housing combination is obtained. 

A plug breaker of the type shown in Figr;. 12-16, with 
added radially adjustable resistance* pegs or bolts, helps 
to optimize the impregnation process in a very 
cost-effective and efficient manner. Plug breaker 
discharge housings 350 and 380 provide variable axial 
resistance to chip flow. 

The module 350 in Figs. 12 and 13 has a tubular 
housing 352, centrally located bearing member 354, and 
bearing support plates 356 which extend horizontally in 
opposite directions between the bearing member 354 and the 
housing 352. As shown in Fig. 13, the support plates 356 
extend the full axial length of the housing and are tapered 
at the upstream end to facilitate the other function of 
breaking up the material as it flows through the cross 
sectional area 364 transverse to the housing axis. In this 
embodiment, two vertically aligned resistance pegs or bolts 
3 60 pass in threaded engagement through bosses 358 in 
housing 352, whereby the projecting end 362 of each bolt 
360 penetrates into the cross sectional area 364 a variable 
distance that is adjustable externally of the housing. The 
pegs 360 are located in and supported by the housing 352, 
upstream of the outlet opening 351. 

The discharge end module 350 differs from the module 
300 shown in Figs, 10 and 11, not only with respect to the 
adjustable resistance bolt or peg, but also in the 
geometric relation to the screw. As shown in Fig. l, only 
the stem 58 of the screw enters the discharge module 350, 
whereas the large, cylindrical trailing end of the shaft 
immediately upstream of the stem 58, enters the forward 
portion 322 of the end module 3 00. The bearing support and 
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breaker plates 306,356 of end modules 300,350, 
respectively, impede the axial flow of a plug of chips 
through the upstream components of the unit, thereby 
contributing to chip compression. Adding the pegs or bars 
to the cross section of the discharge housing in accordance 
with the configuration of end housing 350 , further adds to 
impeding the chip flow. By keeping the cross sectional 
area 366 of the plates 356 in thu embodiment of Fig- 12 to 
a minimum, as compared with the cumulative cross sectional 
area 330 of the plates 3 06 of Fig- 10, increased ror.ictanco 
can bo provided by external adjustment of the bolts 360 
only au needed, by external adjustment;. This allows 
variability of the oompronnJon without: the need to 
disassemble the unit, i.e., without: removing either the end 

houuing or the aurew. 

In a variation at the uiul>oa jmtsiiL. ^hown in c i<jt*. S.J and 

13, dliuLhur anbodlnuiut of Mm iliwuhflOje module 300 i.B shown 
in Figs. 14 and 15. In this embodiment, Lhe housing 3 82, 
bearing member 386, and plates 384 are substantially 
identical with the corresponding structure 352,354,356 of 
the embodiment shown in Fig- 12, except that six, rather 
than two, adjustable pegs are provided- In particular, 
four bolts 388,390 are provided at 90° intervals in the 
same imaginary plane transverse to the housing axis, 
whereas two adjustable pegs 392 are provided in 180° 
opposition through a plane that is offset axial ly 
downstream. 

The radial adjustability of the pegs not only alters * 
the amount of chip compression in the unit, but the 
protruding pegs also produce a shearing action on the chip 
plug as the material passes in and around the pegs- This 
shearing action effectively opens the chips, exposing the 
chip interior exactly when expansion begins to take place 
as they discharge from the plug breaker into, e.g., the 
chemical liquor of a downstream component. Although manual 
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adjustment: of the pegs is shown, it would be well within 
the skill of practitioners in this art to mechanize and 
automate the peg adjustment as part of a process control 
system for on-line adjustment while the system is running. 

Figure 18 illustrates one implementation of a 
production arrangement for adjusting the resistance peg in 
the discharge module 350', which, in other respects, is 
similar to the embodiment 350 shown in Figures 12 and 13 . 
It should be appreciated | however, that the adjustment 
mechanism shown in Figure 18 can be used with other 
embodiments as well. 

Although simple bolts of the type previously 
illustrated can function satisfactorily for a limited 
period of time, on a full-scale production machine, the 
resistance pegs would be more robust, as shown in Figure 
18. A smooth peg 353 made from an abrasion resistant 
material is situated in smooth bore 3 67 in boss 3 58, 
immediately downstream of the upstream flange housing 352. 
A positioner plate 355 overlies boss 358, and has a smooth 
bore 375 and a threaded bore 373 for receiving anchor bolt 
369 and adjustment bolt sleeve 357. Anchor bolt 369 passao 
through bore 375 into threaded engagement with bore 371 in 
tho boon. Tho uloovu 3 57 i« uucurad by nut 3 £U at the 
upper surface of plate 355. The lower end of control rod 

361 tiarrl'&y u filti Ufil* for nthauhinont fco LI in perj Jbll. Tho 
uontirol rod 3oi. slidttti vtu'LlcalJy through tiLutivn jt>'/ under 

the direction of a controller. In Lhie fashion, tha a k tank 

«»r i-liM i»i njpnl Ion of Hip pug lnltt l.hu Tlnw aro^ nT l-h«* 

discharge housing 350' i& adjustable. 

Modular Screw Design Experimental Results 
It should be appreciated that, for example , depending 
on the nature of the feed material and the downstream 
processing required, an improved screw device according to 
the invention, may include one or more of the compression 
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housings lOO, 140, or 154; drainage housing 2 00; or 
discharge housings 3 00, 350, or 3 80. Fig. 16 illustrates a 
screw device configuration 700 having only one processing 
module, the drain housing 200, coupled with the end housing 
380 , to form a dewatering press used as a plug screw feeder 
into a chemical impregnation component (not shown} . In 
this configuration, a chip inlet module 400 is connected to 
the drain module 200, and a drive module 500 is connected 
to the inlet module 400, for driving a unitary screw 600 
that has an increasing taper and full flights within the 
drain housing 200. 

A comparison was made between the modular screw device 
(MSD) shown in Fig. 16, and a comparably configured screw 
device including a processing module available from Andritz 
Sprout-Bauer, Inc., Muncy, Pennsylvania, as the Model 560 
Pressafiner component. A comparative chemical impregnation 
trial with aspen wood was made, with the important result 
that the MSD incorporating the drain housing 200 and 
discharge housing 380 of the present invention, produced 
approximately a 50% higher chemical uptake than the 
Pressafiner configuration. The MSD also had slightly less 
fines in the effluent than the Pressafiner configuration. 
Fiber classifications at comparable freeness were 
essentially equal. 

In the test, the MSD had a 2-1 compression ratio. The 
Pressafiner configuration was assembled with a standard 4 
to l combination of worms and collars. The impregnation 
was in both instances, accomplished in two stages. In the 
first impregnation stage, al] adjustable pegs were set at 
5/8" extension into the discharge bore. On the second 
impregnation stage, all pegs were advanced into a 1-1/4" 
extension into the plug. This change was easily 
accomplished from outside the housing without removing the 
d I M<?liarqf> imuhilp inn from !hp prmm.fw I ncf iiiihIiiIp aon, by 
manually turning the pegs (bolts) to the desired depth. in 
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ct production mode, this penetration is preferably achieved 
with an automatic compression control system 3 94 for 
of Tooting pug movement from outside the housing. In tho 
Pressafiner configuration, no change was made between 
stages, as this would have required disassembly of the 
unit. The chips discharged from the MSD were collected and 
observed in order to determine the settings for the bolts 
in the two stages. At the indicated settings, the chips 
discharging from the unit were very uniform in particle 
size and condition, virtually no whole chips were 
observed. The shearing and abrading effect of the 
resistance bolts and the bearing support plates very 
effectively split open the chips in a manner which is 
conducive to maximizing chemical uptake. 

During this test, visual observations were made of the 
individual drainage rings associated with drainage housing 
200. In both the first and second stage of pressing, 
approximately half of the drainage rings, those toward the 
discharge assembly 380, were showing drainage. The last 
third of the rings were showing significant amounts of 
drainage* This indicates that, for a given amount of 
drainage, the axial length of the drainage housing 200 in 
accordance with Figs. 7-9, can be reduced by approximately 
one-half relative to the axial length of the corresponding 
component in the Pressafiner configuration. This would 
result in a further cost reduction in favor of the 
ring-type drain housing 200. 

The results of this comparative experiment showed that 
the combination of the stacked ring drainage housing 2 00 
and the adjustable plug breaker discharge housing 380, 
produce drainage and chemical uptake for effective chemical 
impregnation. The one-piece screw 600, stacked ring 
drainage housing 200, and plug breaker discharge module 380 
permit significant cost savings in construction relative to 
the Pressafiner configuration which has worms and collars. 
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composite shaft, and a drainage component consisting of 
conventional cages and bars. 
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What is claimed is: 

1. In a screw device including a compression screw 
having a flight portion and a substantially smooth 
cylindrical downstream end portion, the screw supported on 
a device axis in the direction of which material is 
transported and condensed by the screw flights, and a 
discharge end housing for receiving the smooth cylindrical 
downstream end of the screw, wherein the end housing 
comprises : 

a substantially tubular casing having upstream and 
downstream axial ends and a cylindrical inner wall defining 
a bore centered on the axis, and 

a plurality of breaker plates extending from the wall 

into the bore. 

2. The screw device of claim 1, wherein 

the end housing includes a bearing member coaxially 
located within the casing for rotatingly supporting the 
downstream end of the screw, and 

the breaker plates are rigidly connected to the 

bearing member. 

3. The screw device of claim l, wherein each breaker 
plato include* u front od.jo uiirfaco having a thickness that 
is transverse to the material flow through th« houuiny, and 
ii HubMi ant lnlly planar »Ui» fcurl'«a©a, ««iah erf tho a Ida 
surfaces having an area greater than the area of tha front 

edge surface. 

4. The screw device of claim 2, wherein each breaker 
plate includes a front edge surlace having ti thickness that 
is transverse to the material flow through the housing, and 
a substantially planar aide surfaces, each of the side 
surfaces having an area greater than the area of the front 
edge surface. 

5. The screw device of claim 4, wherein the plates 
are connected tangentially to the bearing member- 



J Jj J Jjj, lj> ij I." 11 a i - .J J' . 'jj I '<J • J 1 - 



WO 92/13710 v ^ PCT/US92/!M)93y 



- 34 - 

6. The screw device of claim i, wherein the bearing 
member has a closed downstream end, and one of the plates 
has a radial channel therethrough for supplying lubricating 
liquid to the bearing closed end during use. 

7. The screw device of claim l, including means 
penetrating the casing, for adjusting the flow resistance 
through the bore. 

8. The screw device of claim 7, wherein the means 
penetrating the casing include a plurality of radially 
adjustable pegs. 

9. The screw device of claim 8, wherein some of the 
pegs are axially offset from the other pegs. 

10. A discharge end housing for a screw device, 
comprising: 

a substantially tubular casing including a cylindrical 
inner wall defining a bore having a flow area extending 
from a first axial end opening which is adapted to receive 
the screw to a second axial end opening adapted to 
discharge material; 

a bearing member centered on the axis of the bore, for 
rotatably supporting the screw ; 

means connected between the bearing member and the 
cylindrical wall, for rigidly supporting the bearing 
member; and 

means- penetrating the casing into the bore, for 
adjusting the flow resistance through the flow area. 

11. The discharge housing of claim io, wherein the 
means for adjusting include a plurality of radially 
adjustable peg members. 

ia. vim iil»oiu.i.- U e housing or claim li , wherein the 
pag meinbeni are axiully utagymuU. 

XJ. The discharge housing of claim 11, wherein the 
peg mmnburs at* aii-fuuLod by i„,|, m«m.u pausing rnrf hilly 
through tne casing. 
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14. The discharge housing of claim 13, wherein 
the casing includes an external boos tor «ach peg 

raambur , 

the bolt means includes a radial bore in the boss and 
means i'or radially advancing and withdrawing n rod momb»r 
through thft bore, and 

said peg member is connected at one end to the rod 
member in the boss and extends at the opposite end into the 
flow area. 

15. The discharge housing of claim 12, wherein each 
peg member lias a smooth, abrasion resistant outer surface. 

16. A screw device for condensing stock material, 
comprising: 

drive means including a drive housing and a drive 
bearing assembly within the drive housing; 

inlet means connected to the drive means and including 
an inlet housing, and an inlet opening for receiving stock 
material into the device; 

processing means connected to the inlet means and 
including a processor housing; 

discharge means connected to the processing means and 
including a discharge housing having an outlet opening for 
discharging condensed material from the device, said 
processor housing and discharge housing having respective 
coaxially aligned housing bores which define a longitudinal 
flow bore through the device; 

a screw extending axially on the longitudinal flow 
bore and having 

a first portion supported for rotation by the 
drive bearing assembly, 

a second portion disposed in the inlet means in 
fluid communication with the inlet opening for receiving 
and advancing the stock material toward the processing 
means. 
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a third portion disposed in the processing 
housing bore for densifying the stock material by 
condensing the material against the processor housing f and 
a fourth portion at least partly disposed in the 
discharge housing bore; and 

means supported by at least one of the processor 
housing and discharge housing, for changing the cross 
sectional flow area of the longitudinal flow bore upstream 
of the outlet opening . 

17. The screw device of claim 16, wherein the means 
for; changing is supported by the processor housing. 

18. The screw device of claim 17, wherein the 
processor housing includes a plurality of casing segments 
and the means for changing include at least one replaceable 
liner member supported within a respective at least one 
segment, for changing the cross section of the processor 
housing bore. 

19. The screw device of claim lfl, wherein all 
portions of the screw are integrally formed as a unitary 
screw. 

20. The screw device of claim 16, wherein the means 
for changing is supported by the discharge housing. 

21. The screw device of claim 20, wherein the means 
for changing include a plurality of peg members that 
radially penetrate the discharge housing an adjustable 
distance into the discharge bore. 

22. The screw device of claim 21, wherein all 
portions of the screw are integrally formed as a unitary 
screw. 

23. A screw device for condensing stock material, 
comprising: 

a drive module including a drive housing, a drive 
bearing assembly within the drive housing, and a drive 
flange at one end of the drive housing; 
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an inlet module including an inlet housing, a first 
inlet flange sealingly engaging the drive flange, an inlet 
opening for receiving stock material into the device, and a 
second inlet flange; 

a processing module including a processor housing, a 
first processor flange sealingly engaging the inlet second 
flange, and a processor second flange; 

a discharge module including a discharge housing, a 
discharge flange sealingly engaging the processor second 
flange, and discharge means defining an outlet opening for 
discharging condensed material from the device, said 
processor housing and discharge housing having respective 
coaxially aligned housing bores which define a longitudinal 
bore through the device; 

a screw extending axially on the longitudinal bore and 
having 

a first portion supported for rotation by the 
drive bearing assembly, 

a second portion disposed in the inlet module in 
fluid communication with the inlet opening for receiving 
and advancing the stock material toward the processing 
module, 

a third portion disposed in the processing 
housing bore for densifying the stock material by 
condensing the material against the processor housing, and 

a fourth portion at least partly disposed in the 
discharge housing bore; and 

means for adjusting the cross sectional flow 
resistance of the discharge housing bore upstream of the 
outlet opening . 

24. The screw device of claim 23 wherein said means 
for adjusting are radially movable within the discharge 
housing while the discharge module is engaged to the 
processing module. 



07/11/97 FRI 10:55 FAX 7039167439 



OPT I PAT LASER 



t£]040 



WO 92/13710 





PCT/US92/00939 



- 38 - 



25. The screw device of claim 24, wherein said means 
for adjusting include actuator means external to the 
discharge housing, for effecting said radial movement 
within the discharge housing. 

26- A screw device for condensing stock material, 
comprising: 

a drive module including a drive housing, a drive 
bearing assembly within the drive housing, and a drive 
flange at one end of the drive housing; 

an inlet module including an inlet housing, a first 
inlet flange sealingly engaging the drive flange, an inlet 
opening for receiving stock material into the device, and a 
second inlet flange; 

a processing module including a processor housing, a 
first processor flange sealingly engaging the inlet second 
flange, and a processor second flange ; 

a discharge module including a discharge housing, a 
discharge flange sealingly engaging the processor second 
flange, and discharge means defining an opening for 
discharging condensed material from the device, said 
processor housing and discharge housing having respective 
coaxially aligned housing bores which define a longitudinal 
bore through the device; 

a screw extending axial ly on the longitudinal bore and 
having 



fluid communication with the inlet opening for receiving 
and advancing the stock material toward the processing 
module, 



housing bore for densifying the stock material by 
condensing the material against the processor housing, and 



a first portion supported for rotation by the 
drive bearing assembly, 

a second portion disposed in the inlet module in 



a third portion disposed in the processing 
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a fourth portion at: least partly disposed in the 
discharge housing bore, for guiding the condensed material 
from the processing module toward the discharge opening; 
and 

means for changing the cross sectional flow area 
within an axially extending portion of the processor 
housing bore, without removing the screw from said 
longitudinal bore. 

27. The screw device of claim 26, wherein said 
processing module includes a plurality of casing segments 
defining the processor housing, and the means for changing 
include at least one replaceable liner member supported 
within a respective at least one casing segment, whereby 
the flow cross section of the processor housing bore 
depends on the radial thickness of the liner member. 

28- The screw device of claim 27, wherein the liner 
members contain a multiplicity of radial flow channels for 
draining liquid from the stock material. 

29. A screw device for condensing stock material, 
comprising: 

a drive module including a drive housing, a drive 
bearing assembly within the drive housing, and a drive 
flange at one end of the drive housing; 

an inlet module including an inlet housing, a first 
inlet flange adapted to sealingly engage the drive flange, 
an inlet opening for receiving stock material into the 
device, and a second inlet flange; 

a processing module including a processor housing, a 
first processor flange adapted to sealingly mate with the 
inlet second flange, and a processor second flange; 

a discharge module including a discharge housing, a 
discharge flange adapted for sealing engagement with the 
processor second flange, and discharge means defining an 
opening for discharging condensed material from the device, 
said processor housing and discharge housing having 
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respective coaxially aligned housing bores which define a 
longitudinal flow bore through the device; and 

a screw extending axially on the longitudinal bore and 
having 

a first portion supported for rotation by the 

drive bearing assembly, 

a second portion disposed in the inlet module in 
fluid communication with the inlet opening for advancing 
the stock material toward the processing module, 

a third portion disposed in the processing module 
for densirying the stock material by condensing the 
material against the processor housing, and 

a fourth portion at least partly disposed in the 
discharge module; 

whom In the proceoslmj modulu contains a multiplicity 
of radial flow channels tor draining liquid from the stooK 
material, and inaltidne: means for chanqinq the flow araa Of 
said channels without removing the screw l'rom the 
longitudinal flow bore. 

30. The screw device of claim 29, wherein 

the processing module contains at least one liner 
member in which at least some of the radial flow channels 
are formed, and 

the means for changing include a replacement liner 
having a different radial flow area. 

31- The screw device of claim 29 wherein 

the processing module contains a multiplicity of 
axially stacked rings defining said flow channels between 
the rings, and 

the means for changing includee replaceable shims 
situated between the rings. 

32. A screw press housing having an axially extending 
internal bore for coaxially receiving a ecrew, and an 
external surface surrounding the bore, comprising: 
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a plurality of axially elongated casing members, each 
casing member in cross section having, 

a concave inner surface which defines an arc 
segment having a first radius of curvature , 

a convex outer surface defining a portion of the 
external surface of the housing, and 

fixture means for attaching together adjacent 
casing members, whereby said inner surfaces of the attached 
casing members define a first bore; 

a plurality of bar members, each situated between two 
arc segments of the attached casing members and having an 
inner end extending radially inwardly into the first bore; 

at least one axially elongated liner member coaxially 
retained within the first bore, each liner member in cross 
section having, 

a convex outer wall supported by a casing member 
against radially outward movement, 

a concave inner wall having a second radius of 
curvature that is smaller than the first radius of 
curvature , and 

spaced apart end surfaces, each end surface 
juxtaposed with the inner unci of? a bar inembar; 

whureby eft Id ncrnw boru l« riolMnud at Iu&mI: in par I: by 
said inner wall. 

33. Th« satreu lujimirwf of ulaJiu 35, jnolinlimj 

ad J UU lime it t. kit otitic auuobts ill. I t= u t. 1-1 to I iuiib I mj ci* I & i. Xui ' oiWl 

pri§fi1ng through the w*ming member into thtt first bore, for 

dtHJnlm.j mi ndjuMtrthlM ratlin! wl:op for l;h« linor «ul;er 
wan. 

34. The ucrcw housing of claim 32, wherein, 

the housing has four casing members attached together 
with four bar members, 

only two liner members are provided, coaxially 
retained within a respective two casing members, and 



in i i i n i i.n»n.n 
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the inner surface of the first bore and the inner wall 
of the liner members each define substantially one-half of 
the screw bore. 

35. The screw housing of claim 34, wherein the inner 
end of each bar member extends radially inward beyond the 
liner member inner wall- 

36. The screw housing of claim 32, wherein the 
housing has two casing members and two liner members and 
the screw bore is defined only by the inner walls of the 
liner members* 

37. The screw housing of claim 32, wherein the screw 
bore is defined in part by the inner surface of at least 
one casing member and in part by the inner wall of at least 
one liner member. 

38. The screw housing of claim 37, Wherein at least 
one of the inner surfaces and inner walls that define the 
screw bore include channel means for conveying pressate out 
of the screw bore during operation of the screw device. 

39. The screw housing of claim 38, wherein said 
channel means are formed only in the casing member inner 
surface that defines part of the screw bore. 

40. The screw housing of claim 38, wherein said 
channel means are formed only in the liner members. 

41. The screw device of claim 35, wherein the inner 
ends of at least one bar member include a radially oriented 
groove for draining pressate out of the screw bore. 

42. The screw drive of claim 32, wherein each end 
surfaces of the liner member substantially abuts a bar 
member inner end. 

43. A compression screw device having a drain housing 
including a screw bore defining a housing axis for 
coaxially receiving a rotating screw, and a frame for 
supporting the housing, wherein the the housing comprises: 

a plurality of substantially annular rings rigidly 
stacked together coaxially along the housing axis, each 
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ring having an inner profile defining a substantially 
aircu-Iur aentral uponinfj in til Igrmiont; with thu opaningt* o« 
the other stacked rings to form the screw bore, and an 

out«*r pruCllo iiuj.Lud.i-ng mu*iui for engaging tho fraiim; »nri 

shim means looatod between adjacent rings, for 
maintaining a drainage channel between adjacent ringc that 
extends radially away from the screw bore to the outor 
profile. 

44- The compression screw device of claim 43, 
including at least one anti-rotation projection extending 
radially into and longitudinally along the screw bore, 

45. The compression screw device of claim 4.4, wherein 
the inner profile of each ring includes a radially 
extending groove which is in registry with other grooves to 
form a slot, and the anti-rotation projection is a bar 
member received in and supported by the slots. 

46. The compression screw device of claim 43 r 
including 

a plurality of holes through the annulus of each ring, 
spaced in a pattern around the inner profile in respective 
alignment with the hole pattern on the other rings, and 

means passing in tension longitudinally through each 
hole for drawing the rings axially toward each other to 
form said rigid stack. 

47. The compression screw device of claim 43, wherein 
the means on the outer profile include at least two notches 
for engagement with a respective at least two 
longitudinally extending bars carried by the frame. 

48. The compression screw device of claim 43, wherein 
said means for engaging the frame engages a support bar 
supported by the frame and spanning the outer profile of 
the rings, for preventing rotation of the housing relative 
to the frame. 

49. The compression screw device of claim 43, wherein 
the shim means is integrally formed as thickened areas on 
each ring. 
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50. The compression screw device of claim 44, wherein 
-the anti-rotation projection is formed by back- to-back 
integrally formed projection on the inner profile of each 
ring. 

51. The compression screw device of claim 43, 
including, 

an end plate at each axial end of the stacked rings, 

and 

tension means connected between the end plates , for 
drawing the end plates and rings axially toward each other 
to form said rigid stack. 

52. The compression screw device of claim bl, wherein 
Lho tension moanii includes a plurality or tension bolts 
Which longitudinally traverse the stacked rings immediately 
outside the ring outer profile. 

53. A ring ror constituting a portion of a drain 
housing supported in a screw device, wherein said ring 
comprises: 

an annular body portion having inner and outer 
circumferential edges, a radial depth between the edges, 
and an axial thickness; 

a plurality of shim regions spaced apart on the body 
portion and having an axial thickness greater than the body 
axial thickness; and 

notch means formed in the body portion outer edge, for 
engaging positioning and support means on the screw device. 

54. The drain housing ring of claim 53 , wherein the 
ring inner edge has an axial thickness different from the 
body thickness - 

55. The drain housing ring of claim 53, including 
means projecting inwardly from the inner edge, for defining 
a portion of a screw bore anti— rotation member. 

56. The drain housing ring of claim 53, wherein 
said ring is stacked axially against another 

substantially identical ring, 
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each of said eta eked rings includes means projecting 
inwardly from the inner edge for defining a portion of a 
screw bore anti-rotation member, and 

when the notch means of the stacked rings are in 
registry, each shim region of one ring is in contact with 
the other ring, and each of said means on one ring is 
substantially in contact with a corresponding means on the 
other ring such that said means form an anti-rotation bar 
extending in the axial direction along the inner edges of 
the rings. 

57. A method of forming a screw press housing with a 
longitudinal screw bore having an adjustable cross 
sectional flow area, comprising the steps of: 

selecting a plurality of axially elongated casing 
members adapted to be attached together and thereby define 
in cross section, a concave inner surface defining a first 
arc with a first radius of curvature, 

positioning a discrete, axially elongated liner member 
within the inner surface of at least one casing member, the 
liner member having a concave inner wall defining a second 
arc with a second radius of curvature; 

securing the liner member against radial and 
rotational movement relative to the casing member; and 

attaching th«s caftiinj member** togothcir to /'orm thu 
houuinq with a uorow bore cross aeotlorml area delinod ttt 
least in part by the Inner wall at the liner mombor on uald 

at least one casing member. 

58. The method of claim 57, further including the 
step of adjusting the bore cross sectional area by 
replacing at least one liner member with another liner 
member having a radius of curvature of the inner wall that 
is different from said second radius of curvature. 

59- The method of claim 58, including the step of 
rigidly supporting a radially extending bar member at the 
ends of the arc defined by the liner member. 
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60. The method of claim 59 r wherein the step of 
rigidly supporting the bar member includes supporting the 
bar member between adjacent casing members during the step 
of attaching the casing members together- 
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